T HE SEPTEMBER 11, 2001 , TERRORist attack on the World Trade Center (WTC) killed thousands and exposed hundreds of thousands to horrific events and potentially harmful environmental conditions resulting from the collapsing towers and fires. [1] [2] [3] Studies have documented adverse respiratory and mental health conditions associated with direct exposure within 1 to 3 years following the event, [4] [5] [6] [7] [8] [9] [10] [11] [12] but most have focused on health effects in subgroups with common exposures, such as firefighters, 5, 10, 13 rescue/ recovery workers, 6, 9, 11, [14] [15] [16] [17] or residents of lower Manhattan. 8, 12, [18] [19] [20] [21] However, the longer-term impact on health is unclear, and the capacity to compare patterns of association across affected subgroups has been limited. Few studies have followed the health of rescue workers for more than 3 years after September 11, 16, 22, 23 and only 1 study of New York City residents reported the longitudinal course of probable posttraumatic stress disorder (PTSD) 3 years after the event. 24 The World Trade Center Health Registry, the largest postdisaster exposure registry in US history, prospectively follows a cohort that reported a range of WTC disaster-associated exposures on September 11 and during its immediate aftermath. This study describes the cumulative burden of 2 of the most commonly reported health outcomes: asthma and posttraumatic stress (PTS) symptoms indicative of probable PTSD among adult enrollees 5 to 6 years after September 11. We also characterize disease severity, quality of life, and health care utilization and examine associations between September 11 exposures and outcomes.
METHODS

Study Population
The World Trade Center Health Registry, as described elsewhere, 7, 25 was established to prospectively monitor the physical and mental health of persons with a high probability of direct exposure to the September 11 terrorist attack and its aftermath, including rescue/ recovery workers, persons with a primary residence in lower Manhattan on September 11, and office workers and passersby present in lower Manhattan on the morning of September 11. The Centers for Disease Control and Prevention and New York City Health Department institutional review boards approved the registry protocols. A Federal Certificate of Confidentiality was obtained, as was oral informed consent.
Eligibility groups were categorized in a mutually exclusive, hierarchical order, with rescue/recovery workers first, followed by lower Manhattan residents, lower Manhattan office workers, and passersby on September 11. For example, a resident who was also a rescue/recovery worker was classified as a rescue/recovery worker only. Staff or student participants 18 years or older at wave 1 (W1) who were not also rescue/recovery workers or residents and who were not present south of Chambers Street on September 11 were excluded from specific eligibility group analyses (n=85 in wave 2 [W2]).
The number of persons eligible for the registry was estimated to be approximately 409 000, of whom 71 437 (17.4%) enrolled. 25 Outreach and multilingual media campaigns encouraged enrollment through a toll-free number or Web site (classified as "self-identified"). 26 Lists of persons potentially exposed were provided by entities such as employers and governm e n t a l a g e n c i e s ( c l a s s i f i e d a s "list-identified"). 7 Final enrollment was 70% self-identified and 30% list-identified.
Wave 1 interviews were conducted September 2003 through November 2004; 95% were conducted using computer-assisted telephone interviews (CATIs), and the remainder used computer-assisted in-person interviews. Wave 1 included demographics, eventrelated exposures, and pre-event and postevent physical and mental health. The methods and findings of W1 have been previously published. 4, 7, 9, 11, 12, 25, 27 The potential impact of selfselection bias in W1 registry enrollment has been described in other reports. Wave 1 studies examining either asthma or probable PTSD included subanalyses of list-identified participants to measure self-selection influences. 9, 11, 12 In each, health effects were higher among self-vs list-identified participants. These conditions among listidentified participants remained elevated compared with available background levels, and in most cases the observed associations between September 11 exposures and health conditions remained significant. Listidentified participants may still reflect some selection bias, but in one prior study among lower Manhattan residents, the most well-defined and geographically bounded of eligibility groups, a sensitivity analysis using raking ratio estimation and Census demographics found that estimated probable PTS symptoms did not decrease significantly after accounting for underrepresented resident groups. 12 
Data Collection
The W2 survey was developed to assess the health status of enrollees 5 to 6 years after the WTC attack. Enrollees 18 years or older (n=68 032) at the time of the W2 survey launch were included; those excluded were deceased enrollees (n=406), withdrawals (n=6), and those with unknown age (n=358) (FIGURE 1). Wave 2 was conducted from November 2006 through December 2007, using 2 initial data collection modes: an Internet-based survey and a mail survey. Enrollees with valid e-mail addresses (63%) received an electronic invitation to access the online survey, which was only available in English. Paper questionnaires were mailed to the remaining enrollees based on enrollees' W1 interview language. A reminder postcard and e-mail invitation were mailed 3 weeks after W2 launch. Six subsequent e-mails and 3 postcard reminders were sent. Two additional rounds of paper questionnaires were mailed to nonrespondents.
In the last 3 months of data collection, nonparticipants ( Figure 1 ) were recontacted for CATI participation. At least 1 attempt was made to call nonrespondents with valid numbers, and as many as 30 call attempts were made to underrepresented enrollee groups (list-identified, those with household income less than $35 000, young adults, sanitation workers, Spanish and Chinese speakers, and lower Manhattan residents). Confidential. Do not distribute. Pre-embargo material.
Study Variables
Wave 2 assessed current physical and mental health status, clarified reported W1 exposures, and measured health care utilization and quality of life. The primary respiratory outcome was a self-reported first lifetime diagnosis of asthma or reactive airways dysfunction syndrome after September 11, collectively referred to as "asthma." 28 Participants reported whether they were ever diagnosed by a physician as having asthma or reactive airways dysfunction syndrome, the year of diagnosis, and, if in 2001, whether diagnosis occurred before or after September 11. Postevent asthma was further categorized as early, late, or unknown date of diagnosis. "Early" was defined as an asthma diagnosis between September 11, 2001 , and the end of 2003, corresponding to the approximate time frame of W1 initiation; "late" was defined as a diagnosis between January 2004 and December 2007. Participants reporting a new asthma diagnosis after September 11 but not reporting the year were categorized as postevent, date unknown. Asthma diagnoses established before September 11 were categorized as pre-event asthma. Treatment and severity of asthma were assessed with questions regarding use of an inhaler for asthma control, asthma attack, or asthma-related emergency department visit in the previous 12 months. Respiratory symptoms assessed in W1 included new or worsening wheezing, shortness of breath, and persistent cough after September 11. Wave 2 assessed whether participants experienced these same symptoms in the 30 days prior to survey.
The primary mental health outcome was current event-related PTS symptoms indicative of probable PTSD. This was assessed with the stressorspecific PTSD Checklist (PCL), 29 a 17-item self-report instrument based on Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) criteria 30 and linked to a specific traumatic exposure (ie, "the events of September 11"). Respondents scored each symptom experienced during the past 30 days on a 5-point scale; a score of 44 or greater was indicative of probable PTSD. Psychometric properties of the PCL used in this manner have been reported by others in a variety of settings and traumas, with sensitivity ranging from 0.94 to 0.97, specificity from 0.86 to 0.99, positive predictive value from 0.70 to 0.97, and diagnostic efficiency from 0.83 to 0.96. 29, [31] [32] [33] Participants also reported whether they had been diagnosed with PTSD or depression by a health professional before or after September 11 and whether they had received counseling or used prescription medication for mental health in the past 12 months. For both physical and mental health, quality of life was measured by selfreport of health not being good for 14 or more of the past 30 days and whether poor health prevented usual activities for 14 or more of the past 30 days. 34 Disaster-related exposures were defined by common experiences and by exposures unique to subgroups. 7 Dust cloud exposure on September 11 has been associated with adverse physical as well as mental health outcomes. 4, 7, 9, 11, 12, 21 This exposure was stratified into "some" vs "intense" exposure. Intense dust cloud exposure was defined as answering "yes" to being caught in the dust or debris cloud on September 11 in W1 and answering "yes" to any of the 5 additional W2 questions (could not see a couple of feet in front of me; had trouble walking or finding my way because the dust was so thick; had to find shelter such as under a car or in a doorway; was covered from head to toe with dust or debris; could not hear anything). 7 "Some" dust cloud exposure was defined as answering "yes" to being caught in the dust or debris cloud on September 11 and reporting a geocodable location in lower Manhattan, as previously described. Multivariable logistic regression was used to ascertain the independent association between exposures of interest and the 2 main health outcomes (postevent asthma and PTS symptoms at W2). Because of potential biases associated with self-vs list-identification in W1 and survey mode in W2, these variables were included in all models. Demographic covariates were included in the multivariable models.
Using previously published methods, 7 a range of the burden of postevent asthma and PTS symptoms was derived for the 409 000 persons estimated to be eligible for the registry. 25 Disease rates for self-and listidentified enrollees from W2 were multiplied by the respective estimated population exposed. To address potential selection bias attributable to the higher prevalence of disease among selfvs list-identified persons, the midpoint estimate was based on disease rates among list-identified enrollees only. An upper bound estimate was calculated using rates among selfidentified enrollees, and a lower bound estimate was calculated assuming that, even among those list-identified, those who were sick were 50% more likely to enroll than others. Calculations were performed by eligibility group, and the results were summed. Estimates were rounded to the nearest hundred.
RESULTS
Response Rates
A total of 46 322 participants 18 years or older at W1 participated in W2 and were included in this analysis (68.1% response rate). Mail surveys accounted for 46.1% of completed questionnaires, followed by Web surveys (41.8%) and CATIs (12.1%). At the time of CATI initiation, the response rate to mail and Web surveys was 59%. The CATI-specific response rate among mail/Web nonresponders was 21%.
Online eTable 1 (available at http: //www.jama.com) compares W1 characteristics of participants and nonparticipants. Response rates were higher among self-identified participants, English speakers, men, persons aged 45 through 64 years, non-Hispanic whites, those with higher household income, and former smokers. Responses were highest for rescue/recovery workers (71.0%) and lowest for residents (60.2%). Response rates did not vary by type of exposure. Wave 2 participants had a slightly higher incidence of newly diagnosed asthma at W1 than W2 nonrespondents (3 
Asthma
The reported cumulative lifetime prevalence of asthma prior to September 11 was 11.1% (95% CI, 10.8%-11.3%) (TABLE 1) and varied by demographic group, with the highest rates among women, those of youngest age, and Hispanics. Overall postevent incidence among those without a prior history of asthma was 10.2% (95% CI, 9.9%-10.5%). Incidence varied significantly across eligibility groups. Rescue/ recovery workers had higher postevent asthma diagnosis rates than the next highest group, passersby on September 11 (12 (Table 1) . Thirty-nine percent (n=1604/4098) of all respondents reporting postevent diagnoses of asthma also reported intense dust cloud exposure.
At the time of W2, respondents with asthma diagnosed after September 11 were more symptomatic, required more treatment, and reported a lower quality of life than those with asthma diagnosed before September 11 (TABLE 2) .
Among respondents reporting asthma diagnosed after September 11, symptom or severity differences were examined for those diagnosed early (2001) (2002) (2003) Analyses using only those cases for which diagnosis year was provided showed that the association with intense dust cloud exposure for all groups combined diminished over time from an adjusted OR of 1.6 (95% CI, 1.4-1.8) to 1.2 but remained significant (95% CI, 1.1-1.4) (eTable 4). The cumulative incidence of late-diagnosed asthma in all persons without any respiratory symptoms at W1 was 1 TABLE 7 displays the distribution of participant characteristics by PTS symptom course (chronic, late-onset, resolved, no symptoms indicative of probable PTSD). Among participants with PTS measured at W1 and W2, 9.6% (95% CI, 9.3%-9.8%) had chronic symptoms, 9.5% (95% CI, 9.3%-9.8%) had late-onset symptoms, and Co-occurrence of postevent asthma and PTS symptoms at W2 was common. Among enrollees with postevent asthma, 36% (95% CI, 34.4%-37.5% [n = 1367/3800]) had PTS symptoms; among enrollees with these symptoms at W2, 19% (95% CI, 18.2-20.0 [n = 1367/7164]) reported a new diagnosis of asthma after September 11.
eTables 5-8 present the full models, as well as models stratified by recruitment mode (self-vs list-identified) for diagnosed asthma and PTS symptoms. Stratification shows that recruitment mode did not modify observed effects.
Estimated Burden in Directly Exposed Adults
Applying reported outcome rates from the W2 survey results to the potential universe of approximately 409 000 exposed persons, roughly 25 500 adults (range, 17 400-40 000) are estimated to have experienced postevent asthma, and 61 000 (range, 43 000-88 600) are estimated to have experienced symptoms indicative of probable PTSD at W2.
COMMENT
This longitudinal study of more than 46 000 enrollees demonstrates that large numbers of individuals reported adverse health conditions 5 to 6 years after the September 11, 2001, WTC attack. Respiratory health effects, while most apparent among rescue/recovery workers, also affected residents, office workers, and passersby, and our estimates suggest that more than 25 000 directly exposed adults may have received new asthma diagnoses since the event. The burden of mental health trauma was larger and developed late for many. While pathogenesis mechanisms may have varied, the 2 conditions frequently co-occurred and shared common event-related risk factors, such as intense exposure to the dust cloud, timing and duration of rescue and recovery work, and sustaining damage to home or workplace. Efforts to address ongoing event-related health consequences require coordinated physical and mental health care. 35 In our cohort, the annualized rate of asthma diagnoses in the 4 months immediately following the attacks was at least 6 times higher than the estimated annual national adult rate of 0.5% for 2002, 36 and in subsequent years it remained at least 2 times higher than national estimates. By contrast, the 3-year asthma diagnosis rate from 2004-2006 in those with no symptoms at W1 was 1.3%, similar to what would be expected if the terrorist event had not happened. Thus, there appears to have been a sizable increased risk of asthma in this directly exposed cohort. Indeed, early postevent asthma diagnoses in the registry population are underestimated here, because they exclude the 40% of new diagnoses with unknown date of diagnosis but with W1 characteristics suggesting that they were largely early cases and mostly event-related.
Several factors were associated with postevent asthma. Rates were nearly as high in passersby as in persons who returned to live or work in the area, suggesting that much postevent asthma resulted from intensive respiratory exposure to particulates and fumes released by the collapse of the WTC towers, similar to occupational exposures that can result in reactive airways dysfunction syndrome. 37, 38 However, these data also suggest that ongoing exposure to WTC dust (and the chemicals or allergens in it) introduced additional risks. Risk of asthma increased with length of time worked at the site. Residents who did not evacuate were at higher risk than those who did. Those who reported a heavy layer of dust in their home or office had higher asthma diagnosis rates, independent of dust cloud exposure. While symptoms varied substantially among those who reported asthma, the data suggest that asthma associated with intense dust cloud exposure may be more severe than new asthma occurring for other reasons. This finding persisted when controlling for demographic and socioeconomic factors or when restricted to list-identified enrollees only, who may have been less affected by self-selection biases.
While dust cloud exposure and heavy layer of dust in the home or office were risk factors for early and late postevent asthma, our analysis suggests that risk for new diagnosis of asthma associated with WTC exposures has waned, although it may not be over. The epidemic curve flattened for 3 years following 2002. The increase in 2006 is likely attributable to recall bias associated with W2 administration. The association with dust cloud exposure has decreased over time, and asthma developing later in previously symptomfree persons appears to be occurring at a rate comparable to what would be expected had there been no September 11 disaster, about 0.5% per year. Similarly, in a longitudinal study of rescue/ recovery workers, the prevalence of spirometric abnormalities did not increase over the 5-year interval, and the change in lung function was compatible with normal aging. 16 In addition, the high prevalence of wheezing, shortness of breath, and cough at W1 among persons with a late postevent diagnosis of asthma suggests that many may already have developed event-related asthma early but had a delayed diagnosis. Given that apparent late diagnoses of probable eventrelated asthma continued to occur through 2006 and a sizable number of additional registrants with respiratory symptoms at W1 also reported recent respiratory symptoms at W2 but no asthma diagnosis, it is likely that late diagnoses of event-related asthma will continue but diminish in the future. Continued tracking may help determine the extent to which late diagnoses continue to occur and can help clarify the observed increase in 2006. It also remains unclear whether asthma associated with exposure to the dust cloud will remain more severe than other postevent asthma.
Our findings on the prevalence of event-related current PTS symptoms also shed new light on the long-term mental health effects of the WTC disaster.
Prevalences among exposed groups were considerably higher than those previously reported in serial cross-sectional studies of the general population within 6 months after September 11. 20 To our knowledge, only 1 study of New York City adults (n=2752) used a longitudinal study design. 24 The authors of that study found a 14% prevalence of probable PTSD up to 4 years postevent, similar to our results. Our estimates are also comparable to long-term findings on highly exposed individuals from other studies of terrorist events. Probable PTSD prevalences were 17% and 19% among survivors 1 to 3 years after a mass shooting in Texas, 39 31% among survivors 3 years after the Oklahoma City bombing, 40 and 31% among civilian survivors 2 to 3 years after the 1995-1996 bombings in France. 41 Few studies have tracked PTS symptoms in directly exposed individuals for more than 3 years postevent.
Results from W1 and W2 surveys clarified the course of PTS symptoms among highly exposed groups. Roughly 10% of participants were categorized as having chronic symptoms, and another 10% developed late-onset symptoms. One in 20 (4.7%) had symptoms at W1 that resolved to levels not indicative of probable PTSD. Higher PCL scores at W1 were correlated with greater risk of chronicity, suggesting that the magnitude of PCL scores warrants attention. Tables 9  and 10. likely to have delayed symptoms, consistent with other reports on rescue workers' development of probable PTSD after experiencing subsyndromal reactions. 43 Our findings on pre-event, perievent, and postevent risk factors are consistent with research on the mental health impacts of disasters, 44, 45 although few studies have explored 9, 12, 27 detailed perievent experiences by exposure group. Intense dust cloud exposure, injury, and personally witnessing horror were more strongly associated with long-term PTS symptom risk than were any eligibility group-specific exposures. However, postevent experiences were the strongest risk factors; the effects of job loss and low social support were consistent with findings from studies of the postevent general population and from veteran studies. 24, 46, 47 These findings confirm the general understanding that, over time, evaluation and treatment of individuals with long-term PTSD must address social factors that moderate predisaster and peri-disaster experiences. The role of postevent resource loss is also important for planning interventions for future disasters. 48 Approximately one-quarter (24.4%) of participants reported accessing mental health care in the year prior to W2. However, at least half (52.4%) with chronic or late-onset PTS symptoms reported no mental heath care utilization in the year prior to W2, and many did not report a diagnosis of PTSD. Given that untreated PTSD can be debilitating, policy makers and mental health professionals must better understand and address barriers to care. 49 It is important to recognize that resilience is the most commonly observed reaction, even among direct survivors. Nearly 8 of 10 participants (76.2%) did not screen positive for stress symptoms indicative of probable PTSD at W1 or W2, similar to those with high event exposure in the general population. 50 Researchers have also identified positive outcomes related to disaster, including personal ability to handle crises effectively, reprioritization of goals and values, and community closeness. 51 The voluntary nature of the WTC Health Registry may have resulted in systematic underrepresentation of some populations. To address the fact that participants who volunteered may not have been representative of the true exposed population, we adjusted for self-vs listidentification to account for potential self-selection bias and also examined findings among list-identified enrollees alone. Residual self-selection bias, even among list-identified participants, may nonetheless have influenced observed disease rates. We found that multimode data gathering affected absolute estimates of symptoms of PTSD but not asthma prevalence and had little impact on multivariable-adjusted estimates of the association between risk factors and either outcome. Prevalences remained high, and all major independent associations between September 11 exposures and either asthma or PTS remained statistically significant. Persons with PTS symptoms at W1 were less likely to complete the W2 survey, potentially related to avoidance tendencies, suggesting the possibility of underestimation, whereas persons with asthma, the less common of the 2 health conditions examined, were slightly more likely to complete W2. Notably, however, September 11 experiences were not associated with participation.
42
The registry's asthma data are selfreported, with no objective measures of airway dysfunction or validation of diagnosis by review of medical records. However, nationally validated questions were used. In addition, reported symptoms and quality of life were consistent with reported asthma diagnosis. Similarly, although the PCL is a widely used measure for self-report of PTS, it is not a clinical assessment and excludes information necessary for a PTSD diagnosis. Specifically, the checklist lacks questions to ascertain actual or perceived life threat (Diagnostic and Statistical Manual of Mental Disorders [Fourth Edition] criterion A), duration of disturbance (criterion E), or significant impairment in social, occupational, or other functioning (criterion F). Thus, we reiterate that registry instruments measured stress symptoms indicative of probable PTSD, not PTSD itself. Furthermore, lack of information on intervening life stressors and traumatic events made it difficult to fully describe the etiology of late-onset symptoms compared with chronic and resolved symptoms, particularly with respect to timing of symptom onset. Despite these limitations, our findings document longitudinal symptom course, largely unexplored in September 11 literature.
Exposure assessments also were subject to a few limitations. First, the absence of information on new traumas and environmental exposures after the event may have resulted in an overestimate of disease associated with September 11 exposures. Second, assessment of exposure occurred 2 to 3 years after the event, and symptomatic persons may have recalled event-related exposures differently from asymptomatic persons. To improve the measurement of dust cloud exposure, we augmented self-report of dust cloud exposure with individual reports of exact location and experiences, such as being covered with dust from head to toe. Significant graded associations between asthma and exposure variables (dust cloud exposure, home and office heavy dust, and others) provide face validity for our findings.
CONCLUSIONS
Acute intense exposures as well as prolonged exposures resulted in a large burden of asthma and PTS symptoms 5 to 6 years after the September 11, 2001 , WTC terrorist attack. Care through federally funded Centers of Excellence for persons with September 11-related physical and mental conditions exists, as do September 11-specific clinical guidelines, which call for coordinated treatment of physical and mental health conditions. 35 Following future disasters, we recommend short-and long-term interventions, including immediate outreach, screening, and evidence-based treatments. For example, there was outreach and active referral to mental health treatment after the 2005 London bombings. 52 Our findings confirm that, after a terrorist attack, mental health conditions can persist if not identified and adequately treated and that a substantial number of exposed persons may develop late-onset symptoms. Our study highlights the need for surveillance, outreach, treatment, and evaluation of efforts for many years following a disaster to prevent and mitigate health consequences.
